Cardiovascular disease remains the number one cause of mortality in the United States. There are numerous approaches to treating these diseases, but regardless of the approach, an in vivo model is needed to test each treatment. The pig is one of the most used large animal models for cardiovascular disease. Its heart is very similar in anatomy and function to that of a human. The ameroid placement technique creates an ischemic area of the heart, which has many useful applications in studying myocardial infarction. This model has been used for surgical research, pharmaceutical studies, imaging techniques, and cell therapies.
Introduction
Coronary artery disease (CAD), which leads to myocardial ischemia, is the leading cause of disability, death, and health care costs around the world 4 and attributable for approximately 1 out of every 3 deaths in the U.S. 1, 2, 3, 4, 5, 6 . Although there have been many advances in both percutaneous and surgical treatments, as many as one third of patients suffering from CAD are ineligible for these treatments due to age, poor health, or suboptimal anatomy 4, 5, 6, 7 . In order to evaluate new methods of diagnostic imaging or treatment, the development of an appropriate animal model is critical.
When developing an animal model for a disease, the induced disorder should closely emulate the anatomical and physiological characteristics of the disorder in humans 8, 9 . One of the most widely used large animals for cardiovascular studies is the pig. The pig heart is most closely analogous to the human heart in terms of size, anatomy, and physiology 3, 6 . Similar to the human heart, the myocardium of the pig's heart does not possess an extensive collateral circulation 6 . Because of this, the pig heart does not tolerate acute coronary occlusion well, but it can tolerate a gradual coronary occlusion. If a coronary artery is slowly occluded, it can be used as a model for chronic myocardial ischemia, chronic myocardial infarction, and heart failure 5, 6, 9, 10, 11, 12, 13 . Chronic myocardial ischemia can be induced through stent implantation or the placement of a hydraulic occluder, a fixed stenosis occluder, or an ameroid constrictor. There are advantages and disadvantages for all these methods which are outlined in detail in various publications 6, 9, 13 but the most commonly used method is the ameroid placement 5, 6, 10, 11 .
The ameroid constrictor consists of casein material encased within a stainless steel, plastic, or titanium ring. Once placed around an artery (usually the left anterior descending coronary artery (LAD) or the left circumflex coronary artery (LCX)), the casein material absorbs the surrounding fluid causing the inner lumen to narrow gradually, mimicking the slow stenosis of an artery and resulting finally in full occlusion 9, 13, 14 . This procedure used by itself or in conjunction with other methods results in a region of chronic myocardial ischemia and/or infarction of the left ventricle of the heart that has been useful for developing and evaluating new imaging techniques 
Pre-surgical Procedures
1. For a prophylactic antibiotic, use amoxicillin and clavulanate potassium (15 mg/kg) orally twice a day beginning 24 h prior to surgery.
NOTE: This oral antibiotic is started before surgery to make sure that the pig will swallow it and to also make sure that they will not have an allergic reaction to the medication post-operatively. 2. Withhold food and water from the pig 12 h prior to surgery. NOTE: Adjust the size of the IV catheter and the endotracheal tube as appropriate for the size of the pig. 5. Remove the hair (shave) on the left side of the pig from the shoulder to the umbilicus and from the abdominal midline to the vertebral column. 6. Administer the prophylactic antibiotics (piperacillin and tazobactam: 100 mg/kg IV) and pain medication (buprenorphine sustained release: 0.2 mg/kg subcutaneous (SC) or a fentanyl transdermal patch 25-50 µg/h). NOTE: The IV antibiotic is given because the animals are fasted for 12 h prior to surgery and do not receive the previously mentioned oral antibiotic during this time. 7. Transport the pig to the operating room and connect the endotracheal tube to the anesthesia machine equipped with a sidestream sensor to monitor the airway gases. Mechanically ventilate the pig using a tidal volume of 10 mL/kg as a starting point and do not exceed an airway pressure of 30 cm H 2 O. Set the respiratory rate between 10-20 breaths per min (bpm) and adjust as needed to keep the end-tidal CO 2 (PetCO 2 ) levels between 28 and 35 mm Hg. Maintain the anesthesia with either isoflurane (1-3%) or sevoflurane (2-5%). 8. Position the pig right-side down on the operating table. Attach all necessary probes to monitor body temperature (BT), electrocardiogram (ECG), pulse oximetry (SpO 2 ), etc. 9. Prepare the surgical site via three alternating scrubs with 2% chlorohexidine and 70% alcohol (apply in a circular motion beginning with center and moving outward). 10. Drape the surgical site using aseptic technique 21 .
Surgical Procedure
1. Expose the heart through a left thoracotomy.
1. Make a skin incision parallel to the 4 th and 5 th intercostal space about 8 -9 cm in length using a no. 10 scalpel blade.
2. Cut through the latissimus dorsi and serratus ventralis muscles using a pair of curved Metzenbaum scissors and Brown Adson forceps. Use electrocautery to maintain hemostasis as necessary. 
Discussion
Ameroid constrictors have been used extensively to create animal models of chronic myocardial ischemia, chronic myocardial infarction, and heart failure 5, 6, 7, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 22 . Although these models can be created through the use of stents, hydraulic occluders, or fixed stenosis occluders, the prevalence of ameroid use in scientific literature allows researchers to more accurately compare the results of their work with previously published studies 5, 6, 7, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 22 . Another advantage of using the ameroid constrictor is that the procedure is relatively straightforward and can be performed successfully by anyone with reasonable surgical skills, and requires no specialized instruments. The other aforementioned methods require greater technical skills and, in the case of the hydraulic occluder, requires intense post-operative monitoring due to the externalized device 6, 13 .
The main limitation of using the ameroid constrictor is the variability in the rate of occlusion 9, 13 . In general, most studies using the ameroid constrictor have found the rate of stenosis to be highest in the first two weeks and then gradually taper off until complete occlusion occurs 23, 24 . Ex vivo studies directly measuring the closure rate of the ameroid lumen have confirmed that the greatest reduction in lumen diameter occurs in the first two weeks and slows thereafter 25, 26 . However, these same studies have also showed that surrounding glucose and protein concentrations can affect the rate and completeness of the ameroid closure, thereby suggesting that in vivo conditions are most likely responsible for the variability in ameroid occlusion rates 25, 26 . Other investigators have suggested that mechanical trauma, inflammation, fibrosis, and thrombus formation caused by the ameroid placement procedure itself may contribute to this variability 5, 6, 25 . The latter scenario is most likely the reason for the premature deaths and heart failures observed in this study. It cannot be stressed enough the importance of doing delicate, yet adequate, artery dissection on either side of the ameroid to prevent kinking of the vessel.
. Placing the ameroid any lower resulted in an ischemic area that was inadequate for the specific treatment that was being investigated in this study.
Arrhythmias occurring during the surgical procedure are rare. Administering oral amiodarone post-operation through the end of the study, may prevent arrhythmias during the 2 to 3 weeks post-operation, when the ameroid is closing off. Additionally, caretaking and medical staff should be especially vigilant in noting any coughing during this time, which could be an early sign of pulmonary edema/heart failure.
Over the years, the design of the ameroid constrictor has been improved upon. Ameroids are currently available in numerous sizes allowing the surgeon to select an ameroid that matches the diameter of the vessel to be occluded. The outer ring of the ameroid is available in stainless steel, titanium, or plastic. This is especially important when evaluating the affected hearts using MRI. All metal will cause an artifact on the MRI images. Titanium ameroids cause less of an artifact than stainless steel, while plastic leaves none at all. MRI images showing the difference between a titanium ameroid and a plastic ameroid are shown in Figure 2 and Figure 3 , respectively. The artifact on the right side of the heart in Figure 2 is caused by the titanium ring encasing the ameroid. Until recently, the containment ring on the plastic ameroid was too bulky to place around a coronary artery without kinking the vessel. The ameroid constrictor used in this study (see Table of Materials) is a much more streamlined version, which has the same outer diameter as the metal ameroids.
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